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ABSTRACT
This research measured heavy metals, specifically cadmium, chromium, copper,
and lead, on the surface of the firefighters bunker gear. Despite the fact that many studies
have been conducted regarding the presence of organics in smoke emissions from
structure fires, very few studies have investigated the extent of heavy metal emissions
found during a structure fire. Using a wipe test procedure samples were collected from
firefighters following a structure fire and analyzed for metals. Three locations on the
bunker gear were used, the knee, elbow, and chest areas. The results showed that varying
amounts of cadmium, chromium, copper and lead adhere to a firefighter’s bunker gear in
all locations following a fire. Some lead concentrations found on firefighters bunker gear
exceeded the Environmental Protection Agencies (EPA) and Housing and Urban
Development (HUD) standards for clearance in residential homes. There are no surface
standards for cadmium, chromium, and copper however, if the same levels where found
using air monitoring they could potentially exceed ACGIH recommendations and NIOSH
standards for an 8 hour time weighted average requiring continuous protection.
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INTRODUCTION

Research has shown that long term exposure to toxic substances is a contributing
factor to cardiovascular diseases, cancer, and death (Kales, 2007). Very few studies have
been conducted with respect to fires and their health effects on firefighters, and even less
have focused on the potential exposures to heavy metals and their effects on firefighters.
There is a clear gap in literature when investigating the presence of heavy metals found
during a structure fire.
The purpose of this research is to quantify the amount of heavy metals,
specifically cadmium, chromium, copper, and lead found on firefighter’s bunker gear. If
one can show evidence that these metals are present on firefighter’s bunker gear, it
suggests that an unprotected firefighter has the potential to absorb, inhale, or ingest these
metals when exposed to them. This research will promulgate the concerns of exposures to
toxic and hazardous substances, specifically the metals tested. These metals are
considered to be bio-accumulative or accumulation of a toxic chemical at a rate greater
than the body can excrete. The result - toxic amounts of heavy metals in the body.
The focus of this research is specifically on four heavy metals commonly found in
building materials of older structures: cadmium, chromium, copper, and lead. These
metals also exist to some degree in newer structures (CDC, 2010). Other metals not as
common to building materials, such as arsenic, nickel, and zinc, just to name a few, could
be present, but are not included as part of this research. Particulates, containing metals
are common in the smoke from fires and have the potential to be airborne during and
after structure fire (UL, 2010).
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There will be a discussion addressing firefighting and when actual exposures
might occur. Particulates, in and of themselves, are a concern however; the discussion
will show that metals contained in these particulates increase the risk when exposed.
There will be a discussion on occupational exposures as they relate to these metals. This
will be followed by the monitoring information and firefighter health information. Next, a
discussion regarding the hypothesis of data collection, limitations to sampling and
research methodology will be followed by the research findings. Finally, a discussion on
the research implications and future considerations will be addressed.
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LITERATURE REVIEW

For more than 25 years there have been growing concerns regarding the health
effects from the combustion of burning materials (Brandt, 1988). Exposure to
carcinogenic chemicals increases heart related deaths, cardiovascular heart disease, and
cancer. Approximately 45% of Line of Duty Deaths (LODD) associated with the
firefighting occupations are cardiovascular in nature (Smith, Denise, David, Barr,
Stefanos, Kales 2013). Some of these deaths are due to other personal factors such as
smoking, age, obesity, or other personal habits. Other deaths can be attributed to physical
related activities, stress, dehydration, and noise (Baxter, 2010).
Exposure to chemicals, whether organic or inorganic, is of particular concern
because of their toxicity in humans. Exposures that have long been studied include:
1. Asphyxiants; carbon monoxide, carbon dioxide, and hydrogen sulfide
2. Irritants; ammonia, hydrogen chloride, nitrogen oxides, particulates, phenol and
hydrogen sulfide.
3. Allergens
4. Carcinogens; asbestos, benzene, styrene, polycyclic aromatic hydrocarbons
(PAH’s) and certain heavy metals (UL, 2010).
An Underwriters Laboratory study showed the presence of carcinogenic
byproducts in gaseous effluents, such as smoke, exhibited levels that were potentially
debilitating. The report concluded that long term exposure could accelerate
cardiovascular mortality or initiate atherosclerosis (UL, 2010). A pilot study by Shaw
was the first of its kind to focus on firefighters’ exposure to brominated dioxins/ furans
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(BPDD/F’s), a component of smoke, in firefighters’ blood (Shaw, 2014). While testing
for BPDD/F’s, Shaw also noted the presence of metals cadmium, chromium, and lead
which is the focus of our research.

Fire Facts

The National Fire Protection Association (NFPA) reported in 2013 that there were
1,240,000 fires in the United States and of that total, 487,500 were structure fires (NFPA,
2013). Table 1 shows structure fire totals from cities where firefighters were sampled.
With the volume of fires across the United States and the cities tested for this study, acute
and chronic exposure to smoke and chemicals including heavy metals is imminent.

Table 1 Structure Fire Totals by Location for 2013 and 2014
City

2013

2014

Total Fires
2014

Population
2013
599,164

Milwaukee1

602

West Allis2

53

53

172

60,697

Mesa3

20

61

119

457,587

National4

487,500

1.
2.
3.
4.

1,240,000
(2013)

City of Milwaukee, 2013, 2014 Stats.
City of West Allis, 2013, 2014 Stats.
City of Mesa, 2013, 2014 Stats.
NFPA, 2013 Stats
The condition of a fire can change at a moment’s notice; chaos. The concept for

fighting a fire is to reduce the chaos and involves a strategy that stabilizes this chaos.
This tactical strategy resolves around a priority of operations consisting of rescue,
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exposure, confinement, extinguishment, overhaul, ventilation, and salvage is (commonly
abbreviated RECEO-VS in fire service) (Lee, 2008). These phases or methods of fighting
a structure fire have considerable importance for protection against exposures to
hazardous constituents such as heavy metals. Rescue, involves retrieving a person or
animal from a burning fire and firefighters have self-contained breathing apparatus
(SCBA’s) for the phase. Exposure involves the need to stay ahead of a fire and includes
every side of a structure. This includes above and below where firefighters may or may
not have SCBA’s. Confinement is the phase to contain the fire to its structure/room of
origin. This prevents fires from spreading to surrounding structures and firefighters are
usually in SCBA’s. Extinguishment, sometimes called “knockdown”, is a phase where
water is used to control the fire. In this phase firefighters are wearing SCBA’s and may or
may not be inside the structure. Gempel and Burgess reported in most structure fires, the
firefighters can extinguish (knockdown) a fire in 5-10 minutes thus reducing exposure
only to that time period (IARC, 2010 p 397) (Gempel, Burgess,1977)
(Gempel,Burgess,1993). In larger fires, firefighters would fight a fire from the outside
(containment) which may require longer periods of time, therefore exposing the
firefighter to an increased risk of adverse health effects (IARC, p 397). The final stage of
the RECEO-VS strategy is overhaul. Overhaul, is the phase to prevent reigniting of
burned materials (Merrick, 2013). This phase is where the firefighters are most
susceptible to hazardous and toxic chemicals due to removing their SCBA’s. This
overhaul phase places the firefighter at the highest risk for exposures by the inhalation of
various levels of particulates containing metals. One phase not included in the tactical
strategy is fire arson and investigation. Following a fire, a team of firefighters enter the
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building to find the source of the fire. In most cases they are without respiratory
protection.
In a study, Pope along with the American Cancer Society concluded that long
term exposures to particulates increased heart disease including heart failure. Pope stated
that, “for every 10 micrograms of particulates per cubic meter of air, there is an 8-18%
increase in mortality risk” linked with air pollution data from US metropolitan areas
(Pope, 2004, p. 2443-2448).
Particulate Exposure Information

Particulate sizes are grouped into three categories which include course, fine, and
ultra-fine. Particulates commonly found during a structure fire, may contain many
constituents including but not limited to metals and have been found in both course and
fine particulates. Course particulates are 2.5 microns (PM 2.5) to 10 microns (PM 10) in
size. Course particulates are of a concern because they are small enough to by-pass the
body’s defenses and enter by inhalation, adsorption, or ingestion. Fine particulates, 0.1
microns to 2.5 microns or PM 2.5 usually contain the heavy metals and are found during
combustion. Ultra-fine particles are those 0.001 microns to 0.1 microns. Fine and ultrafine particulates are invisible to the naked eye. The occupational permissible exposure
limit for PM10 particulates is 15 mg/m3 as calculated in an 8 hour time weighted average
(OSHA, 2006).
Underwriters Laboratory (UL) and the Chicago Fire Department conducted one of
the most in-depth studies involving smoke particulates and their composition. The study
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found that more than 70% of particulates released during a fire are invisible to the naked
eye and small enough to be inhaled into the lungs (0.04 to 0.15 microns in size). Ninetynine percent of the smoke present during the overhaul phase exhibited a particle size of
less than 1 micron. Chemical compositions of the soot collected on the hoods and gloves
showed the gloves had 100 times the level of the hood. Particulates that are of the
greatest risk for inhalation hazards usually range in size from 0.1 microns to 10 microns
(OSHA, 2013). In a study conducted by UL, smoke collected was tested and exhibited
results showing presence of a multitude of heavy metals, such as arsenic, cobalt,
chromium, lead, and phosphorus. UL found that routes of entry to the body are usually
inhalation and absorption coming from contaminated gear. The study also showed that
combustion of wood and insulation products gave off the smallest particle sizes which
have the highest risk for inhalation hazards (UL, 2010). Airborne toxics such as metals
can be carried by particles to the pulmonary interstitium, vasculature and other body
tissues including the nervous system and liver (UL, 2010). Concentrations of these
carcinogens during the study exceeded OSHA regulatory exposure levels or
recommended exposure limits from NIOSH and ACGIH (UL, 2010).
Research by Baxter showed that ultra-fine particles are not visible to the naked
eye giving a sense of safety during the overhaul phase of a fire where firefighters remove
their SCBA’s. In the study, a simulated structure home fire exhibited particle values in
the range of 4.6 X 104 to 2.1 x 106 particles per cubic centimeter (0.03 ounces) with most
particles 0.1 microns or less (Baxter, 2010). Further studies by Baxter conducted in urban
area populations for PM2.5 to PM10 showed similar health effects as firefighters who were
exposed to ultrafine particulates (Baxter, 2010). In another study with mice Baxter shows
7
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chronic genesis of atherosclerosis when exposed to particulates 0.18 microns or less and
5.6 x 105 particles per cubic meter are the same levels found in structure fires (Baxter,
2010).
Occupational Exposure Information

Firefighters are susceptible to occupational exposures as anyone would be
working in a hazardous atmosphere. When testing for metals during a fire there is no way
of knowing when actual exposure occurs. Cadmium, chromium, copper, and lead are
hazardous substances that have regulatory and occupational limits when exposed to these
metals. OSHA, ACGIH, and NIOSH list values for exposures to hazardous substances. In
order to determine what these values mean one must discuss the intent of the limit by the
regulatory agency or organization. Table 2 contains a summary of these values.
OSHA issued its requirements for Permissible Exposure Limits (PEL’s) for
occupational exposures at 8 and 40 hour time periods calculated as a Time Weighted
Average (TWA). TWA is simply an employee's average airborne exposure in an 8-hour
work shift or a 40-hour work week (OSHA, 1995).
ACGIH, is a private organization that develops and recommends guidelines to
control occupational exposures of hazardous substances. ACGIH is known for setting
threshold limit values (TLV’s) with no adverse health effects for workers when exposed
to these levels over time. They are also known for recommending Biological Exposure
Indices (BEI’s) which are chemicals substance levels in the blood and urine and other
biological media (ACGIH, 2013).
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NIOSH, under the CDC, has set 387, Immediately Dangerous to Life or Health
(IDLH) values which are used for respirator selection criteria. The CDC has listed the
IDLH limits for health concentrations of various chemicals including cadmium,
chromium, copper, and lead. An interesting note is that NIOSH does not list IDLH limits
for particulates however they do list an OSHA PEL for “particulates not otherwise
regulated” such as inert dust, nuisance dust, whether mineral or inorganic (CDC, 2010).
NIOSH, also established Recommended Exposure Limits (REL’s) or exposures limits
where there are no adverse effects when exposed to certain substances.
The intent of this research is to show that metals do adhere to bunker gear either
by contact or are in airborne particulates. If exposed to those airborne particulates the
amounts of the metals that were found on firefighters’ bunker gear could exceed the
exposure limits or recommendations.
Cadmium, when exposed acutely and frequently, can cause lung cancer or kidney
damage. Chromium can irritate the eyes, nose, throat, skin and lungs or cause cancer
when inhaled. According to OSHA, exposure to small amounts of chromium for long
periods should not irritate the respiratory system; however, one can become allergic to
chromium dust and suffer from allergic reactions. Copper, as a fume or dust can irritate
the eyes, nose, throat, and in severe cases, cause “metal fume fever” and cancer. Metal
fume fever is an illness that can occur several hours after exposure. Exposure to copper
could also mean exposure to arsenic since arsenic is an impurity in copper. Lead was
widely used across the United States in many applications prior to 1978 when it was
eliminated from use as a component in products such as paints, varnish, and solder. The
highest exposures to lead are found in rural areas and are found primarily in older
9
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structures built before 1978 (CDC, 1992). Adult lead exposure result in physical
problems such as fatigue, headaches, nausea, and weight loss. More severe cases include
kidney problems or pain in the legs and arms (ATSDR, 2010). In the body, lead can
inhibit or mimic the actions of calcium and interact with proteins (including those
sulfhydryl, amino, phosphate and carboxyl groups) (ATSDR, 2005).

Table 2. Metal Exposure Limits and Wipe Test Results (ranges).
IDLH1

PEL2
(8 hour
TWA)

TLV3
(8 hour
TWA)

REL4

Wipe Test

9 mg/m3

5 µg/m3
(dust)

0.002 mg/m3
(respirable
dust)

No safe
limit

0-1.50
µg/wipe

Chromium 250 mg/m3

5 µg/m3
(airborne)

0.50 mg/m3

0.50
mg/m3

0.50-61.80
µg/wipe

Copper

100 mg/m3

0.1 mg/m3
(fume)

0.20 mg/m3

0.10
mg/m3

0.50-37.50
µg/wipe

Lead

100 mg/m3

0.05 mg/m3

0.15 mg/m3

0.05
mg/m3

0.00-150.0
µg/wipe

Cadmium

1.
2.
3.
4.
5.

NIOSH, IDLH (CDC, 1995)
OSHA, PEL’s (CDC, 1994)
ACGIH, TLV’s (CDC, 2011)
NIOSH, REL’s (CDC, 2010)
Test sample result ranges

NISOH, ACGIH, and OSHA do not have standards that correlate wipe testing
results from firefighter’s bunker gear with inhalation, absorption, and ingestion
occupational exposures. Heavy metals are known to be bio-accumulative, which means
the heavy metals accumulate in biological organisms over time and they do not break
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down (metabolize) as readily. There is no real method to correlate REL’s, TWA’s, and
PEL’s, with wipe tests results. Therefore, individual standards such as, “wipe test
clearance limits” for surfaces need to be developed. This is a common practice used by
health departments. HUD set guidelines for wipe standards to clear surfaces in residential
homes (HUD, 2012). The standard for lead is recommended at 40 mcg/square foot on
floors (maximum value).
Even though firefighter exposure to airborne metals may be detrimental to one’s
health, certain metals (e.g. trivalent chromium, copper) have dietary properties used by
the body and are essential to human function but only in very small amounts. The daily
recommended amounts for adults are 120 µg per day for chromium and 2 mg per day for
copper (Lenntech, 2011). Chromium metals (as hexavalent chromium) is known human
carcinogens and acute toxicity to these metals can induce respiratory irritation, dermatitis,
or sneezing.
As opposed to trivalent chromium and copper, which serve the body in small
amounts, lead does not serve the body in any way. Over exposures to lead can cause
hypertension, central nervous system damage, hearing loss, and anemia in adults
(Staudinger, 1998). Employees who are exposed to low-level lead in occupational
settings have been monitored and recommended for subsequent testing of lead levels in
the blood (Staudinger, 1998). In conjunction with other professionals in occupational
settings, firefighters are routinely monitored for the presence of lead in their blood
(NFPA, 1582). The presence of lead in their blood may have many contributing factors
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one of which may be from occupational exposure. OSHA, set the action levels for
cadmium, chromium, and lead (Table 3) where medical surveillance would be required
(Staudinger, 1998).

Table 3. Metal Action Level Exposure Limits for Airborne Contaminates.
Metals

Action Level

Cadmium1

2.5 µg/m3

Chromium (as Chromium (VI))1

2.5 µg/m3

Copper2

None

Lead1

30 µg/m3
1. OSHA, 2012
2. CDC, 2011

Monitoring Information
Smoke from materials in a fire tend to vary greatly depending upon the materials
involved to fuel the fire, the amount of oxygen, and the temperature of the fire. Upon
combustion, building materials such as wood and insulation exhibit a particle size of 0.04
to 0.15 microns. An Underwriters Laboratory study found that 70% of those particulates
were invisible to the eye and therefore created a false sense of clean air (UL, 2010). The
particulates were tested and found to contain several heavy metals including chromium
and lead. Arsenic exceeded the NIOSH STEL in at least one of the fires (possibly more)
that were tested. Arsenic is not part of this research however, this example shows
exceedance of regulatory levels found in particulates during a structure fire. Arsenic is
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not usually detected by a gas meter possibly due to it is a metalloid and not a heavy metal
(UL, 2010). A comprehensive study of firefighters after the World Trade Center collapse
revealed elevated cadmium and lead levels in blood and urine (IARC, p 441). Another
monitoring study comparing municipal, training, and various forest and grassland fires
showed particulate concentrations as high as 20,000 mg/m3 in municipal knockdown
operations as compared to the others (IARC, p 423). Monitoring of firefighters who
engage in controlling wildland fires have been studied for constituents in smoke from the
fire (burning wood). Studies comparing wildland exposures to residential or municipal
fires showed vast differences in the volume of particulate emissions (IARC, p 421-426).
Levels of particulates in overhaul and knock down phases during residential structure
fires ranged from 25 mg/m3 to 20,000 mg/m3 versus wildland fires. Some reasoning for
the differences is perhaps lower concentration of smoke in wildland fires (IARC, p 436).

Firefighter Health Information

Exposures to combustion products such as smoke while fighting a fire increase
factors that affect a firefighter’s health. Some studies by the New York Health
Department showed that frequent exposure to smoke for extended period of time or
duration exhibited higher susceptibility to cancer, lung disease or cardiovascular disease
amongst firefighters than other males in the general public (New York Dept of Health,
2012).
Human health effects are difficult to determine due to the fact that multiple
confounders are present. Confounding factors are a distortion in the degree of association
13
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between an exposure and an outcome due to a mixing of effects between the exposure
and incidental factors such as smoking and workplace stress (Pope, 2004). Negative
health effects, such as smoking, are not factored in when determining health effects or
health outcomes of individuals. It is difficult to factor in negative health effects when
conducting these studies because of family history, personal habits, and environmental
conditions such as the Southwestern Medical Center Study. For example, organics as well
as arsenic, cadmium, chromium, lead, and nickel are components of cigarette smoke
(Busse, 2011). An article from CNN reported that 29% of firefighters smoke (CNN,
2002). Research has shown that higher concentrations of airborne metals have a
carcinogenic effect on non-smokers. In 10-15% of non-smoking lung cancer patients
studied, the cause of cancer was attributed to metals (Coyle, 2006).
Southwestern Medical Center conducted an environmental study covering 254
Texas counties comparing cancer rates from industrial releases of metals reported to the
EPA. The results showed that industrialized areas exhibited the highest rates of cancer in
non-smokers where the highest emissions of chromium and copper were detected. The
study showed that airborne metals chromium and copper played an important role in lung
cancer and should be further studied (Coyle, 2006). The EPA has reported the
environmental release information for metals occurring in the United States, with a level
of confidence from data collected, that lead, manganese, and nickel exceeded method
detection levels of ambient air. The total metals (18 of them) released in 2005 totaled 1.2
million tons. Particulate emissions reported by the EPA also contained metals such as
cadmium which is a well-known human carcinogen.
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RESEARCH METHODOLOGY

Fires vary to a great degree in length of time, intensity, materials burned, and
constituents emitted. The purpose of the data collection was to determine the presence of
heavy metals from the results of wipe sampling firefighters bunker gear when entering a
hazardous atmosphere. The fires were limited to residential structure fires and
consideration was given to those firefighters in locations that had older wooden
structures. Cities such as Milwaukee, Wisconsin and West Allis, Wisconsin, with older
structures, were compared to Mesa, Arizona where structures are newer and use fewer
wood products.
The Occupational Safety and Health Administration (OSHA) regulates
occupational exposures to metals such as cadmium, chromium, copper and lead. This
research will shows concentrations of these metals that were found on the firefighters
bunker gear (turnout gear) after fighting a fire and provided some limited assessment.
For the purposes of this research, structure fires are residential building structures such as
homes (not building contents i.e. stove fires, couch fires) and do not include industrial
structures. The Federal Emergency Management Agency (FEMA) defines a residential
building as a building where people live. FEMA defines a residential structure fire as a
fire contained within the residential building (FEMA, 2008). The term residential
building may include multifamily homes or apartments.
This research is limited to the results obtained from the wipe testing analysis
performed in three cities in the Unites States: Milwaukee, Wisconsin, West Allis,
Wisconsin, and Mesa, Arizona. Air monitoring is both difficult to administer and
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cumbersome. Wipe testing is simple to administer, however difficult to correlate to
occupational exposure. Wipe sample results are subject to scrutiny because they are a
measure surface area (square centimeters) and not volume (mg/m3), which is how most
regulatory limits or values are set. Wipe testing measures a 10 cm by 10 cm section of a
surface which results in µg/wipe or µg/cm2. The wipe test, even though scrutinized for its
inconsistent sampling technique, is still widely used in health department protocol. The
City of West Allis Health Department uses a wipe testing protocol to determine levels of
lead on surfaces and have standards for those levels. This research is intended to show
that metals cadmium, chromium, copper, and lead are present at some time during and
after structure fires. In addition, the research provides evidence that these metals adhere
to the firefighters’ protective clothing and indicates that the chemicals are airborne. An
unprotected firefighter is susceptible to heavy metal exposure, which could have acute or
chronic affects during short and/or long term exposures.
The participants were firefighters who actually entered the structure during any
phase of the fire including fire investigation. Wipe sampling and testing was collected
from 3 areas identified on the bunker gear (Figure 1) at the conclusion of the fire. The
areas where highest susceptibility of contact with debris or soot were the knee and elbow.
The chest area having minimal contact with debris or soot but highest potential for
airborne particulates. Sampling protocol from NIOSH wipe sampling techniques (Figure
2) was used. Following the standard protocol for wipe testing, one could obtain samples
for analysis of the metals. The boots, gloves, hat, or hood were not sampled. This paper
does not investigate the potential for any cross – contamination from the bunker gear,
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while wearing it, while it is removed, placed into a locker, or from contact inside
vehicles.
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#2 Chest location
chest
#1 The elbow

#3 The knee

Figure 1: Sample Location Model Firefighter Bunker Gear
Source: INNOTEX, 2014
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Figure 2: Wipe Sampling Protocol
Source: Brookhaven, 2014
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RESEARCH FINDINGS

The total sample data can be found in Table 4 irrespective of the city. The mean
represents the average of all the samples analyzed for that metal at the sample locations.
From this table most of the results showed small differences when compared. This
research showed Cadmium had similar ranges in on the elbow and knee locations from 0
to 1.50 µg/wipe however the jacket had the highest reading at 23.3 µg/wipe. One would
expect the jacket to have the lease measurable amount. Chromium was more prevalent on
the elbow and knee slightly, exhibiting an average of 12.7 and 9.82 µg/wipe as compared
to the jacket with 5.89 µg/wipe. Copper was common in all three areas tested with a
range of 4.88 to 9.17 µg/wipe again the highest reading on the jacket 45.1 µg/wipe. Lead
was common in all three areas as an average however the knee having the highest reading
over all at 150.00 µg/wipe. This table shows all areas of the bunker gear tested
measurable amounts, however in some cases not significant, nonetheless still present.
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Table 4
All the Sample Results
Location 1 (elbow)
N=29
Cad Chrome Copper
<1.0 1.30
5.70
<0.3 3.43
3.24
0.30 1.66
2.22
<0.3 1.58
3.78
<0.3 2.32
3.34
0.4
26.6
8.96
<0.3 1.72
7.64
0.40 30.9
3.60
0.50 12.3
3.44
0.60 1.65
2.20
1.50 8.98
10.7
<0.3 15.7
4.22
<0.6 6.43
0.66
<0.6 9.54
1.18
<0.6 21.6
2.67
<0.6 1.66
2.95
<0.6 2.30
3.49
<0.6 33.5
2.25
<0.3 4.46
5.64
<0.6 14.0
4.09
<0.6 2.73
9.47
<0.6 61.8
5.04
<0.3 2.39
7.51
0.40 5.84
7.58
<0.3 1.18
2.74
<0.3 4.19
4.20
<0.3 1.36
1.22
<0.3 47.2
5.46
0.40 41.3
16.2

Lead
<5.0
<1.0
11.0
23.0
23.0
103
18.0
5.00
14.0
2.00
7.00
3.00
<2.0
<2.0
2.00
17.0
2.00
5.00
1.00
24.0
78.0
137
8.00
9.00
2.00
2.00
<1.0
<1.0
7.00

Cad
<1.0
<0.3
<0.3
<0.3
0.4
<0.3
<0.3
<0.3
0.70
0.80
<0.3
<0.3
0.30
<0.6
<0.6
<0.6
<0.6
<0.6
<0.6
<0.3
<0.6
<0.6
<0.6
<0.3
0.40
<0.3
<0.3
23.3
<0.3
<0.3

Location 2 (jacket)
N=30
Chrome Copper Lead
1.70
6.40
<5.00
2.80
2.41
<1.0
0.50
2.66
<1.0
6.94
3.85
35.0
7.41
10.6
86.0
2.10
2.88
45.0
2.24
6.59
16.0
10.4
5.34
41.0
7.86
7.10
7.00
22.6
8.92
12.0
1.40
2.35
1.00
6.34
2.83
3.00
8.41
18.1
7.00
3.78
1.33
<2.0
3.93
0.52
<2.0
5.95
4.83
2.00
4.91
22.8
32.0
6.07
5.37
10.0
3.42
3.03
2.00
11.9
10.8
1.00
6.02
3.05
34.0
8.52
28.1
114
8.40
10.0
61.0
4.30
6.89
5.00
4.29
9.70
8.00
2.06
3.46
1.00
8.80
5.70
4.00
2.75
45.1
22.0
6.04
5.60
2.00
4.76
28.9
26.0

0.56
0.32

21.9
32.5

4.32
4.24

5.89
4.24

12.7
16.0

4.88
3.36
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Table 4 (continued)
Location 3 (knee)
N=30
Cad Chrome Copper
<1.0 3.60
15.0
1.30 21.0
10.0
<0.3 4.05
2.32
<0.3 0.57
2.78
<0.3 2.24
7.88
<0.3 1.58
4.38
<0.3 5.54
5.59
<0.3 7.49
1.92
<0.3 3.30
3.72
0.80 56.8
7.26
1.50 12.4
37.5
0.40 14.6
2.92
<0.3 1.59
6.24
<0.3 14.7
4.86
<0.6 9.54
1.98
<0.6 7.84
<0.50
<0.6 9.85
1.61
<0.6 36.5
6.48
<0.6 1.26
1.83
<0.6 11.3
1.08
<0.3 5.68
5.84
<0.6 14.2
6.05
<0.6 18.7
4.28
<0.6 2.83
2.98
0.30 1.72
17.3
0.50 5.85
9.58
<0.3 3.02
1.14
<0.3 4.67
2.98
<0.3 6.74
2.99
<0.3 5.34
9.69

Lead
8.6
150
<1.0
<1.0
12.0
12.0
86.0
14.0
34.0
14.0
45.0
6.00
6.00
3.00
<2.0
2.00
<2.0
22.0
2.00
<2.0
1.00
22.0
24.0
29.0
17.0
79.0
1.00
5.00
<1.0
3.00

0.80
0.39

24.9
32.7

9.82
11.7
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The data in Table 5 shows each metal and the relationship by city for the highest,
lowest, and average readings. These results showed similarities for metals based on the
geographic location. For example, Mesa, Arizona showed higher results on average for
chromium and copper than cadmium and lead when compared to Milwaukee, Wisconsin
and West Allis, Wisconsin. Milwaukee and West Allis showed on average higher results
for chromium and lead than cadmium, copper. This could be attributed to the age of
structures; Milwaukee and West Allis have older structures as compared to Mesa with
newer housing. In Milwaukee 72.5% of homes were built before the year 1979 as compared
to Mesa where only 10.4% were built before the year 1979 (US Census).

Table 5. Metals Analysis Highest, Lowest, and Average
Results by City
Milwaukee,
West Allis,
Wisconsin
Wisconsin

Cadmium

High
23.3

N=66
Low
0.00

High
1.30

N=16
Low
0.00

Mean
0.50

∑
2.91

Mean
0.18

∑
0.35

Chromium

61.8

0.50

9.85

12.02

21.0

1.18

4.74

4.79

Copper

45.1

0.00

6.22

8.00

17.3

1.14

7.24

4.36

Lead

137.0

0.00

20.9

29.9

150.0

0.00

18.7

39.8

Note: µg/wipe = µg/100 centimeters squared or wiping a
surface that is 4 inches by 4 inches
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Table 5. Continued
Mesa,
Arizona
n=9
Cadmium

High
0.40

Low
0.00

Mean
0.04

∑
0.13

Chromium

47.2

4.46

14.8

16.9

Copper

28.9

5.60

10.1

8.08

Lead

26.0

0.00

4.56

8.32

Note: µg/wipe = µg/100 centimeters squared
or wiping a surface that is 4 inches by 4 inches

Table 6 illustrates the comparison of highest, lowest and average measurements from the
three locations sampled on all firefighters gear by city. The elbow and knee exhibited
higher readings then the chest area in general and showing some form of possible contact
with debris or soot from the fire.
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Table 6. Metals Analysis Highest, Lowest, and Average Results by
Firefighter
Milwaukee,
Wisconsin

Cadmium

Chromium

Copper

Lead

West Allis,
Wisconsin

n=22
Knee Elbow Chest
1.50
1.50
0.40

n=6
Knee
1.30

Elbow
0.40

High

Chest
0.80

Low

0

0

0

0

0

0

Mean
∑

0.11
0.24

0.13
0.37

0.19
0.37

0.08
0.18

0.35
0.51

0.08
0.18

High

22.6

56.8

61.8

8.80

21.0

5.84

Low
Mean
∑

0.50
6.19
4.62

0.57
11.28
13.29

1.65
12.97
15.4

1.70
4.23
2.83

1.72
6.64
7.17

1.18
2.98
2.0

High

28.1

37.5

10.7

9.70

17.3

7.58

Low
Mean
∑

0.52
7.27
7.29

0
5.41
7.66

0.66
4.26
2.77

3.46
6.43
2.25

1.14
11.2
6.38

2.74
5.55
2.10

Highest

114

86.0

137

8.00

150

9.00

0
0
24.19 15.86
31.27 20.55

0
23.7
37.6

0
3.6
3.2

1.00
43.43
59.69

0
4.2
4.0

Lowest
Mean
∑

Note: µg/wipe = µg/100 centimeters squared or wiping
a surface that is 4 inches by 4 inches.
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Table 6. Continued
Mesa,
Arizona

Cadmium

Chromium

Copper

Lead

Chest

n=3
Knee

Elbow

0

0

0.4

0

0

0

0
0

0
0

0.13
0.23

11.9

6.74

47.2

4.76

5.34

4.46

7.57
3.81
28.9

5.92
0.73
9.69

31.0
23.2
16.2

5.60

2.99

5.46

15.1
12.2
26

6.17
3.36
3.00

9.10
6.15
7.00

1.00

0

0

9.67
14.2

1.33
1.53

2.67
3.78

Note: µg/wipe = µg/100 centimeters squared or
wiping a surface that is 4 inches by 4 inches.
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Overall, the results showed that once the firefighter takes off his/her protective gear
they are susceptible to hazardous constituents from the knockdown phase to the overhaul
phase including fire investigation. Small particulates (free floating) can travel outside a
structure during a fire and long after a fire is out, sometimes for days (Riesen, 2009). Test
results after fire investigation showed some of the highest readings for lead at 150 µg/100
cm2 proving the continued exposure long after a fire has been extinguished.
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DISCUSSION AND IMPLICATIONS
Researchers have shown many work situations where conditions are detrimental
to human health. Firefighters are inherently placed into hazardous situations, as well as
hazardous environments (Joyner, 2013). Regulations protect firefighters from known
toxics and hazardous conditions however there are no standards when hazardous
conditions are unconfirmed. Unprotected firefighters are at the greatest risk when
working in conditions that are not tested to determine the hazards to health. Similarly,
firefighters maybe exposed long after a fire has been diminished.
Future considerations should include a protocol for assessing what is considered
contaminated gear. Sampling should be conducted on the equipment used such as the fire
trucks, self-contained breathing apparatus, hoods, personal clothing, and helmets, just to
name a few, and determinations made as to the proper handling following a fire. Another
consideration should address policies for the storage of gear following a fire as well as
gear leaving the fire house in personal vehicles. This also coincides with policies for the
cleaning methods and frequencies or cleaning at home. In order to determine if any
exposure exists one must first determine if carcinogenic contaminants are present at what
levels. Most studies look at organics, very few look at metals, and fewer studies have
quantified them.
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DEFINITION OF TERMS

ACGIH
American Conference of Governmental Industrial Hygienists, Inc; an organization
covering occupational and environmental health and safety which developed the
Threshold Limit Values (TLV's) for over seven hundred (700) chemical substances and
physical agents, as well as fifty (50) Biological Exposure Indices (BEI's) for selected
chemicals (ACGIH, 2014)
BPDD/F’s
Brominated dioxins/furans found in fire retardant chemicals.
Cadmium
A metallic chemical element that is toxic and widely used in electronics, pigments,
plating, dentistry, and alloys (Merriam-Webster, 2013).
Chromium
A metallic element that is toxic and widely used in plating, and alloys to increase
hardness (Merriam-Webster, 2013).
Copper
A metallic element that is toxic and widely used in plating, alloys, and electrical because
of its conductivity (Merriam-Webster, 2013).
Cubic Centimeter (cm3)
A measurement of volume equivalent to 1 milliliter or 0.03 ounces (Metric Conversions,
2013).
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IDLH
Immediately Dangerous to Human Life or Health; An atmospheric concentration of any
toxic, corrosive or asphyxiant substance that poses an immediate threat to life or would
cause irreversible or delayed adverse health effects or would interfere with an individual's
ability to escape from a dangerous atmosphere. (OSHA, 1996)
Knockdown
Action taken by firefighters to saturate a fire with water to prevent the fire from
spreading further and sometimes called “extinguish”.
Lead
A metallic element that is poisonous when ingested affecting the brain, nervous system,
blood, or digestive system and is widely used in plating, Paints, alloys, and solder
(Merriam-Webster, 2013).
mcg
A microgram (mcg) is equivalent to one thousandth of a milligram (mg) (LiveStrong,
2011).
Metal Fume Fever
Conditions from exposure that can cause fever, chills, aches, or cough when exposures
exceed (PEL) 1 mg/m3as dust or mist and 0.1 mg/m3fume in an 8 hour period (American
Welding Society, 2002). Over exposure may cause flu like symptoms.
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NIOSH
National Institute for Occupational Safety and Health, a US Agency and part of the
Center for Disease Control responsible for conducting research for preventing worker
illness or injury and investigating workplace deaths, including fire fighters (CDC, 2013).
OSHA
Occupational Safety and Health Administration is a US Agency responsible for
regulating and enforcing employee safety in hazardous situations such as firefighting
(OSHA, 2006).
Overhaul
When fire fighters enter a structure to prevent the re-ignition of a fire (Merrick, 2013).
PAH’s
Polycyclic Aromatic Hydrocarbons; thousands of hydrocarbon compounds found in
emissions from incomplete combustion of burning wood or other products (EPA, 2008).
Particulates (PM)
Comprised of solid, liquid, and gasses and usually described according to size and
chemical makeup or chemical behavior (EPA, 2013).
PEL, Permissible Exposure Level
Is the level of exposure usually measured as milligrams per cubic meter (mg/m3) or parts
per million (ppm) as a time weighted average (TWA) (Credit: OSHA).
PM<0.1
Particles usually defined as ultrafine (EPA, 2013).
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PM2.5
Particles or droplets 2.5 microns in size (EPA, 2013).
PM10
Particles or droplets 10 microns in size (EPA, 2013).
Toxicity
The degree to which a poison or toxin can harm humans or animals (Medicine, 2014).
TWA, Time Weighted Average
Is an employee's average airborne exposure in a 8-hour work shift of a 40-hour work
week. It is the highest level of exposure an employee may be exposed to without
incurring the risk of adverse health effects (OSHA, 2014).
ug/wipe (mcg/wipe)
The weight of a material per wipe (HUD, 2014).
VOC’s
Volatile Organic Compounds; hydrocarbons that has low boiling points usually below
100oC and evaporates readily (USGS, 2014). Any organic compounds that participate in
atmospheric photochemical reactions (EPA, 2008).
Wipe Sample
An ASTM, EPA, and HUD standard procedure, method or guideline for obtaining
surface samples of dust materials (EPA, 1996).
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